For successful TKA, good soft tissue balance is one of the most important factors; however, it is unknown whether the coronal balance immediately after surgery is maintained with time. We hypothesized, if neutral mechanical alignment was achieved at the time of TKA, some degree of lateral ligamentous laxity could be accepted and the laxity would diminish with time. To confirm this hypothesis, we posed two scientific questions: (1) Does the coronal ligament balance measured immediately after TKA change with time? (2) Does the degree of preoperative varus alignment correlate with the lateral or medial ligamentous laxity observed after TKA? We measured coronal lateral or medial ligamentous laxity in 71 knees with varus deformities immediately after surgery and at 3, 6, and 12 months thereafter. The mean mechanical axis was 15.9°varus preoperatively and 0.4°varus postoperatively. The mean medial ligamentous laxity was relatively constant postoperatively from immediately after surgery to 12 months. However, the mean lateral ligamentous laxity was as much as 8.6°immediately after surgery and decreased to 5.1°at 3 months. The lateral ligamentous laxity immediately after surgery correlated with the preoperative varus mechanical axis. Our data show residual lateral ligamentous laxity observed in preoperative varus deformity may be corrected spontaneously after TKA.
Introduction
Since the mid1970s, obtaining proper soft tissue balance has been recognized as one of the most important considerations in successful TKA [6, 9] because abnormal motion after TKA leads to increased early wear of polyethylene and a poor prognosis. In knees with little varus or valgus deformity, it is possible to create balance. However, in knees with a large deformity, achieving balance has been a challenging problem [25] . Also, even in normal knees, lateral ligamentous laxity and medial ligamentous laxity are not balanced. More lateral ligamentous laxity than medial ligamentous laxity has been observed [18, 23] .
In general, Japanese people have a greater tendency for varus knee deformity than people in the United States and Europe [17] . Furthermore, owing to their reluctance to undergo surgery at an early stage, severe varus deformity is common by the time they visit the hospital.
In varus knees, the medial soft tissues, including the medial collateral ligament, generally are shortened, whereas the lateral soft tissues generally are lax and stretched preoperatively [7] . Therefore, to achieve equal soft tissue balance between the medial and lateral sides, one must release the medial soft tissue equal to the level of the lateral side. This large amount of medial release results in potential widening of the joint gap with elongation of the extremity and consequently patella baja. There are two strategies for adjusting the soft tissue balance in varus knees: (1) create equal medial and lateral gaps even for Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent was obtained. [7, 21, 24] and (2) accept some degree of lateral side laxity as long as proper valgus alignment is maintained [13, 19] . With the latter strategy, there is a possibility of residual lateral ligamentous laxity after surgery. We have observed many varus knees treated using the latter strategy exhibited lateral ligamentous laxity during and immediately after surgery. However, we typically observed no objective abnormal coronal laxity or subjective instability of the knee 1 year after surgery.
From these experiences, we hypothesized, if proper alignment was achieved by TKA, we could accept some degree of lateral ligamentous laxity at surgery, and the laxity would diminish with time. To confirm our hypothesis, we attempted to answer two questions: (1) Does coronal ligament balance measured immediately after TKA change with time? (2) Does the degree of preoperative varus alignment correlate with the lateral or medial ligamentous laxity observed after TKA?
Materials and Methods
We prospectively followed 71 patients (71 varus knees) undergoing primary TKA between July 2003 and December 2006. Among these, 55 patients had osteoarthritis (OA) and 16 had rheumatoid arthritis (RA). The patients ranged in age from 47 to 86 years (mean, 71 years). The mean weight, height, and body mass index of the patients were 57.4 kg (range, 41-88 kg), 150 cm (range, 136-167 cm), and 23.9 kg/m 2 (range, 16.9-36.6 kg/m 2 ), respectively. Ten of the 71 patients had body mass indices greater than 30 kg/m 2 . The minimum followup was 18 months (mean, 40 months; range, 18-57 months), and none was lost to followup.
The mechanical axis of the knee was determined on a preoperative standing weightbearing anteroposterior radiograph of the knee. The mean preoperative mechanical axis was 15.9°± 6.5°varus (range, 5°-39°varus). The mean preoperative maximum flexion angle was 120°( range, 10°-150°). The mean preoperative flexion contracture was 14°(range, 0°-50°). The mean preoperative Knee Society score [8] was 56 points (range, 37-70 points). We used a Scorpio 1 NRG 1 (Stryker Howmedica Osteonics, Allendale, NJ) posterior-stabilized type of prosthesis in all knees. After bone cuts were made with an independent cut method, a 40-lb tensor was used in extension and 90°flexion, and release of the medial side soft tissue was conducted step by step. However, in varus knees, the lateral gap was far larger than the medial gap in many cases. In these cases, the medial release was terminated at the point when the medial gap reached 20 mm in extension and 90°fl exion, thereby allowing residual lateral laxity. Postoperative coronal laxity was assessed by stress radiographs of the knees using a Telos SE arthrometer (Fa Telos; Medizinisch-Technische, Greisheim, Germany) following a previously reported method [10, 11, 14, 25] . Anteroposterior radiographs were taken while the device was used. Valgus or varus forces of 7 kg to the knees were applied just above the joint on the lateral or medial femoral condyle, whereas the proximal thigh and middle leg were held by the counter supports at 15°flexion. On the stress radiographs, the angle between a line in contact with the bottom of the femoral prosthesis and a line in contact with the upper surface of the tibial prosthesis was measured. We defined this as the valgus angle or varus angle according to the description by Yagishita et al. [25] . These angles indicated the values of medial ligamentous laxity or lateral ligamentous laxity, respectively.
All measurements were taken in the operating room immediately after surgery and again at 3, 6, and 12 months postoperatively. We evaluated the differences between the varus/valgus angles immediately after surgery and at other postoperative times and also compared the differences between the values for knees with OA and RA. All data concerning the angles are presented as the mean ± standard deviation. To ascertain differences in the varus/valgus angles with stress tests (ie, laxity) among the various postoperative times, we used one-way repeated-measures ANOVA. The Bonferroni/Dunn test was used as the post hoc test. To evaluate the differences of the valgus or varus angle between knees with OA and those with RA, we used Student's t test. In addition, we analyzed the correlations between the preoperative mechanical axis and the varus/ valgus angles at the postoperative times. For analysis of the correlations, we used Pearson's correlation coefficient test. For all analyses, we used SPSS 1 12.0 (SPSS Inc, Chicago, IL).
Results
The mean postoperative flexion angle was 120°(range, 75°-145°), and the mean flexion contracture was 1.9°( range, 0°-30°). The mean postoperative mechanical axis was 0.4°± 1.8°varus (range, 4°varus-4°valgus). The mean postoperative Knee Society score was 91.5 points (range, 78-99 points).
We observed no differences in the valgus angle among the various postoperative times (Fig. 1) . The varus angle measured immediately after surgery was larger (p \ 0.001) than those at other postoperative times ( Fig. 1) . No differences in valgus and varus angles were observed between knees with OA and those with RA at any of the postoperative times (Figs. 2, 3) .
The varus angle immediately after surgery correlated (p \ 0.001) with the preoperative mechanical axis (Fig. 4) . We observed no correlations between the preoperative mechanical axis and the varus/valgus angles at the other postoperative times (data not shown).
Discussion
We have observed that many varus knees treated by TKA allowing residual lateral ligamentous laxity during the surgery had lateral ligamentous laxity immediately after TKA but had no objective abnormal coronal laxity or subjective instability of the knee 1 year after surgery. We hypothesized, if neutral mechanical alignment was achieved during TKA, some degree of lateral ligamentous laxity could be accepted and the laxity would diminish with time. To confirm this hypothesis, we posed two questions: (1) Does the coronal ligament balance measured immediately after TKA change with time? (2) Does the degree of preoperative varus alignment correlate with the lateral or medial ligamentous laxity observed after TKA?
We note several limitations. First, it is possible there was an influence of the anesthesia on the value of the varus or valgus angle measured immediately after surgery. Highgenboten et al. [4] reported the difference of anteroposterior laxity in normal knees and anterior cruciate ligament-disrupted knees using a KT-1000 arthrometer. In both knees, the values measured under an unconscious state were greater than values measured under a conscious state [4] . From their results, it seemed difficult to compare the value of angles measured immediately after surgery with the values measured after periods in an absolute manner. However, the fact that the valgus angle measured in our study was relatively constant from immediately after surgery to the following times indicated we at least could compare the value in a relative manner. The varus angle immediately after surgery was greater than at 3, 6, and 12 months postoperatively. We found no difference between 3 months and 6 months, 6 months and 12 months, and 3 months and 12 months in varus or valgus angle. The errors bars represent one standard deviation. We observed no differences between OA and RA at any of the times. Fig. 3 Mean values are shown for the valgus angle in RA and OA. The errors bars represent one standard deviation. We observed no differences between OA and RA at any of the times. Fig. 4 This graph shows a comparison of the varus angle immediately after surgery and the preoperative mechanical axis in varus on a standing radiograph. We found a correlation between the degree of the preoperative varus deformity and the varus angle immediately after surgery.
The measurement technique for coronal laxity has additional limitations. Numerous authors [10, 11, 14, 25] have measured coronal laxity by adding 15 kg of force to knees flexed somewhere between 0°and 20°. We selected 7 kg instead of 15 kg as the amount of force to be applied to the knees because 15 kg caused intolerable pain in some patients. The varus and valgus angles we obtained 12 months after surgery were approximately 4°, consistent with the values reported in other studies [10, 11, 14, 25] .
We measured the coronal balance only at 15°flexion. The degree was fairly close to the extension. To evaluate the coronal balance in flexion, we should use further methods [12, 22, 23] .
We found postoperative lateral ligamentous laxity closely related to the preoperative mechanical axis, meaning larger preoperative varus deformities were associated with greater lateral ligamentous laxity immediately after surgery, but we found no correlation between preoperative varus deformity and medial ligamentous laxity immediately after surgery. This close correlation between preoperative varus deformity and postoperative lateral ligamentous laxity was reasonable because we emphasized the importance of maintaining correct alignment rather than keeping the coronary soft tissue balance in varus knees. If we aimed to equalize the coronary balance, the result concerning the correlation could be altered.
We observed no remarkable change in medial ligamentous laxity between immediately after surgery and other postoperative periods. In contrast to the change in medial ligamentous laxity, a marked decrease was observed in lateral ligamentous laxity from immediately after surgery to 3 months after surgery. Yagishita et al. [25] reported, in 44 posterior cruciate ligament-retaining TKAs, the degree of preoperative varus deformity had a close correlation to postoperative lateral ligamentous laxity at an average of 32 months postoperatively. Their results are strikingly different from our results. We do not know the reason for the difference, but the difference in treatment of the posterior cruciate ligament might have some effect on the result.
Why was the large lateral ligamentous laxity observed immediately after surgery so dramatically decreased at 3 months after surgery in our study? Goradia and Van Allen [3] reported the case of a 22-year-old woman with chronic lateral instability of her right varus-deformed knee who was treated successfully with a high tibial osteotomy with no surgical intervention to the stretched lateral collateral ligament. After surgery, she had no lateral instability and successfully returned to all her recreational sports activities. In the varus-deformed knee, the soft tissue at the lateral side of the knee, including the lateral collateral ligament, is always under stretching stress in weightbearing conditions, including walking. A change in alignment from varus to valgus would decrease the stretching stress on the soft tissue at the lateral side of the knee. Therefore, the lateral instability presented preoperatively diminished after the high tibial osteotomy. In addition, many varus knees with OA or RA have some extent of bony defects at the medial tibial condyle. Because of these defects, the congruity of the distal femur and proximal tibia inevitably is decreased compared with normal knees. In TKA, the deformed surfaces of the femur and tibia are replaced with highly congruous components. These changes in congruity and alignment could have a synergic effect to decrease the stretching stress on the lateral soft tissue.
Yamamoto et al. [26] reported approximately 10% shortening of the length and a marked decrease in the tensile strength of the patellar tendon in rabbits 2 weeks after stress shielding of the patellar tendon. They reported an increase in the number of fibroblasts in the patellar tendon and in the diameter of the tendon after stress shielding but made no comments regarding the mechanism of the tendon shortening.
Coronal alignment of the lower extremity in normal subjects has been described in numerous reports [1, 2, 5, 15, 16, 20] . The tibiofemoral mechanical axis is slightly varus from 1.2°to 2.9° [1, 5, 20] . The coronal mechanical axis passes through a relatively medial part of the knee in normal subjects. Minoda et al. [15] reported the coronal mechanical axis passed through 33.9% medial to the proximal tibial articulating surface in normal Japanese subjects. Hsu et al. [5] reported 75% of the knee load passed through the medial tibial plateau, not the center of the knee, in normal subjects. Compared with normal subjects, the knees of patients after TKA could be deemed as having a valgus condition. In the valgus knee, the medial soft tissue should be tight, whereas the lateral soft tissue could be lax under weightbearing conditions. In such conditions, similar shortening of the soft tissue on the lateral side, as that observed by Yamamoto et al. [26] , may occur as a result of loss of tension through postoperative changes in alignment.
In varus knees, the values of medial ligamentous laxity immediately after TKA were relatively constant for 1 year. However, the lateral ligamentous laxity was large immediately after surgery but decreased at 3 months. Our findings show, in varus knees, large lateral ligamentous laxity immediately after surgery will diminish to a normal level by 3 months after surgery. When we treat varus knees by TKA, some degree of residual lateral side laxity can be allowed as long as proper valgus alignment is maintained.
